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INTRODUCTION

Blue Ribbons of the Big Sky Country Areawide Planning Organization (Blue

Ribbons) was organized in June 1975 as the water quality planning agency for

the Madison and Gailatin River drainages in southwestern Montana. It was

sponsored by thirteen local government entities and was funded under an ERA

water quality planning grant (Section 208 of the 1972 amendments to P.L.

92-500; later the 1977 Clean Water Act) and through funds from the local

sponsors. Blue Ribbons was charged with the development of a Water Quality

Management Plan for its planning area. Such a plan was completed and

published in August 1979.

One of the water quality problems addressed by Blue Ribbons was thermal

pollution of the lower 35 miles of the Madison River (See Figure 1). This

problem was identified during the formative stages of Blue Ribbons by the

Montana Department of Fish, Wildlife and Parks (FW&P) and by the Montana

Department of Health and Environmental Sciences. Although funding limited

Blue Ribbons from conducting any major new studies, an investigation of the

thermal pollution problem was made through the auspices of a Madison River

Thermal Advisory Committee. One of the results of this investigation was the

creation of a computerized thermal model of the river by FW&P and the Billings

Regional Office of the U. S. Bureau of Reclamation (BuRec). Operation of

this model established that certain alterations of the river system could im-

prove the temperatures in the lower Madison River.

In 1980 Blue Ribbons applied to the Montana Department of Natural Resources

under the Renewable Resources Development Program for a grant to evaluate

more fully the alternatives identified in the earlier work. The 1981 session of

the Montana Legislature approved a grant of $125,000 for this work.
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This report presents the findings of the studies and investigations of the

Madison River Thermal Study. Part I is a narrative summary and Part II

contains copies of pertinent previous reports and reports prepared under the

Renewable Resources Development Program Grant.

BACKGROUND

The Madison River is perhaps Montana's most famous "Blue Ribbon" trout

stream and has been nationally acclaimed as one of the finest wild trout

streams in the country. Fisherman from every state and some from other

countries annually throng to the Madison to experience its fabled fishing.

Needless to say, sport fishing on the Madison River is a significant factor in

the local economy. Not to be overlooked are the recreational values which the

river has to local area residents.

Temperature levels in the lower Madison River during the summer months

severely limit the catchability of trout. This is, of course, the time at which

most of the resident and non-resident fishermen wish to fish the river. The

area of temperature concern begins at Ennis Lake and continues downstream

some 35 miles to the Madison's confluence with the Gallatin and Jefferson

Rivers at Three Forks (Figure 1).

Ennis Lake was created by the construction of the Madison Dam and Power-

house by a predecessor of the Montana Power Company in the early 1 900 ' s

.

The lake is part of a two reservoir system whereby actual water storage is

accomplished at Hebgen Lake, some 50 miles upstream from Ennis Lake, and

releases are made from Hebgen to Ennis according to need. The operational
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management is such that Ennis Lake remains at a fairly constant level

throughout most of the year. The lake has a surface area of approximately

six square miles. A study conducted by FW&P in 1976 determined that the

lake had a volume of 34,675 acre-feet, an average depth of 9.17 feet, and

average flow-through time of 11.7 days.

As long ago as 1961, FW&P conducted a temperature study on the Madison

which indicated a considerable warming of the river below Ennis Lake. In

1972, four continuous recording thermographs were placed in the stream, one

above Ennis Lake and three below (Figure 1). Temperature data have been

gathered for the period March 1 to October 31 for every year since 1972.

This data shows mean water temperatures in the lower river to be up to

10-12°F higher than mean water temperatures in the upper river during the

summer months. General warming of the lower river begins in mia-March,

peaks in late July or early August, and ceases by mid-October. The maxi-

mum temperature observed in the lower river has been 82°F which is within a

few degrees of what is considered to be lethal for trout.

In 1976, FW&P initiated a fishery study to annually obtain fish population

estimates and monthly trout growth rates for the May to September period for

a section of river above Ennis Lake (Varney) and a section below (Norris).

Initial results suggested that trout above Ennis Lake grew faster and were in

better condition than those below. FW&P also suggested that a trend toward

increasing numbers of large trout above the lake versus lower numbers below

the lake might be occurring. The slower growth rates below the lake were

felt to possibly be due to the higher water temperatures in the prime growth
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period ( June-September)
,

or to changes in the food chain due to the higher

temperatures
,
or a combination of both. These observations were reported by

FW&P in a Job Progress Report entitled Madison River Temperature Study by

Richard Vincent, dated March 28, 1977.

FW&P brought their concerns over the high water temperatures in the lower

Madison River to Blue Ribbons at the time of the formulation of the Blue

Ribbons work program. They expressed their feelings that perhaps Ennis

Lake was acting as a solar heat collector due to its shallow depth and lengthy

flow-through time. Maximum temperatures in the lower river were danger-

ously close to lethal levels for trout and catchability during summer months

was severely curtailed.

The temperature problem of the lower Madison River w'as also identified by

the Montana Department of Piealth and Environmental Sciences in the 303(e)

Basin Plan which they had prepared for the Upper Missouri Fieadwaters Basin

in 1975.

EARLY BLUE RIBBONS STUDIES AND INVESTIGATIONS

As has been previously stated, at the time of creation of the Blue Ribbons

program in 1975 it was recognized that the thermal problem of the lower

Madison River was a water quality problem and that it should be addressed

by Blue Ribbons. A Madison River Thermal Advisory Committee was created

to direct Blue Ribbons activities and studies in regard to the matter. Member-

ship on the committee consisted of representatives from:
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Montana Department of Fish, Wildlife and Parks (FW&P)

Montana Power Company (MPC)

U. S. Fish and Wildlife Service

Bureau of Land Management (BLM)

Madison-Gallatin Chapter of Trout Unlimited (TU)

Madison County Commission

Madison Conservation District

Madison County Planning Board

Soil Conservation Service (SCS)

Montana Department of Health and Environmental Sciences,

Water Quality Bureau (WQB)

Montana State University (MSU)

U. S. Geological Survey (USGS)

Blue Ribbons Staff and Technical Advisory Council

The committee gathered input from FW&P, MPC, Sportsman groups and local

citizens. It also met with representatives of the Federal Power Commission,

now the Federal Energy Regulatory Commission, under whose permit MPC

operates the electrical generation facilities. Members of the committee assisted

FW&P in the field work associated with the preparation of a bottom contour

map of Ennis Lake. Several significant studies were also undertaken under

the auspices of the committee and by others which are described in the follow-

ing .

During August of 1977 a thermal infrared photo flight of the river from Three

Forks to Quake Lake was made to locate possible heat sources. This work

was done by the USGS with financial assistance provided by Blue Ribbons

6
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($5,000), FW&P ($4,500), and TU ($500). The result of this work identified

Ennis Lake as the only significant heat source to the lower Madison River.

The temperature profiles obtained were also eventually used in the calibration

of computer thermal models.

From 1976 to 1978 a study of the aquatic insect life in both the upper and

lower Madison River was conducted by John Fraley, a graduate research

assistant at Montana State University and an employee for the Montana Coopera-

tive Fisheries Research Unit. The purpose of the study was to determine the

effect the warmer water in the lower river had on aquatic insects. The

results showed substantial differences in the aquatic life and a tendency

toward warmer water organisms in the lower river.

As a result of the various investigations of the committee a series of possible

I To of i\/q or*U I to I I IU VI V u tinn c lA/oro Hov/oInnaH t^hlfh if fHrHi/"ihif \A/ru i I H al lo\/i qt
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thermal problem. These alternatives were as follows:

1) Lower the level cf Ennis Lake, thereby reducing the

flow-through time and the period of warming.

2) Increase the depth of Ennis Lake to where stratification

would occur and cooler water could be discharged.

3) Channel the river through the lake in a dike system to

prohibit its warming.

4) Pipe the river through the lake to prohibit its warming.

5) Dredge Ennis Lake to a depth where stratification would

occur and cooler water could be discharged.
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During 1977 discussions took place between the committee and the Billings

Regional Office of the BuRec as regards temperature modeling of the river.

BuRec had a great deal of experience in both reservoir and river modeling

and the necessary data appeared to be available. Their computer modeling

programs and temperature modeling expertise were made available to the

committee with certain limitations on their level of involvement.

Mr. Richard Vincent, fisheries biologist for the Madison River for FW&P who

had conducted most of the FW&P studies previously discussed, was assigned

the responsibility to work with the BuRec as local coordinator. The specific

objectives of the work were to develop a working computer thermal model and

to test the model with the various alternatives outlined above to determine

what temperatures would result in the lower river. This work took place

during 1978 and early 1979. In addition to the principal contributions of

;ffort from FW&P and BuRec, minor manpower nccic't’''pro \ * / -'i r~ r\ / i rl nd r> \ /u j ji J lui ivC vv u J i w v i VwJ v y

Blue Ribbons and some funding made available by TU and BLM for analysis of

the computer printouts.

The computer model work was accomplished for the years 1973 and 1977. The

results showed that the alternatives of a) raising the reservoir level, b)

reducing the reservoir's surface area through diking, and c) complete channel-

ing or dam removal, offered the greatest reductions in temperatures in the

lower river with the latter two being the most promising. The results were

significant as they showed that mean temperatures could be reduced 5-7°

during the warmest months and that maximum temperatures could be reduced

to 75°F or less. It was recommended that these alternatives be further

studied to define the most feasible solution. Studies needed included engineer-

ing, economic and environmental analysis.

8





The computer model work is summarized in a report entitled Madison River

Thermal Simulation Study which is dated February 11, 1981. This report is

contained in Part II.

GRANT APPLICATION

Due to the very encouraging results of the computer model work, the Thermal

Advisory Committee concluded that there were options available to improve the

temperature conditions in the lower Madison River. The next step in the

investigation would be to perform engineering studies of the various alterna-

tives to determine just how they would be accomplished, what they would

cost, what would be the environmental impacts, and what would be the overall

economic impacts. This would allow the identification of the most feasible

alternative and enable an analysis of possible sources of funding for imple-

onon t of i n n th q cnl i itinn
IIIVwl IUl_JUIWt I W I V_ I I '— JU I u u U I i .

The committee analyzed the various agencies and programs which might fund

the next round of studies. The Renewable Resource Development Fund ad-

ministered by the Montana Department of Natural Resources and Conservation

(DNRC) appeared to be the most applicable. Discussions were held with the

DNRC staff and on October 15, 1980, an application for funding which in-

cluded a proposed work program and budget of $125,000 was submitted.

DNRC included the Lower Madison Thermal Study Program in their recom-

mended list of projects to be funded by the Renewable Resource Development

Fund which was submitted to the 1981 Montana State Legislature. Support for

the project came from sportsman's groups who were concerned for the lower
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Madison fishery and from local communities, chambers of commerce, and other

interests who were concerned about the economic aspects of the thermal

problem on local businesses who serve the out-of-area sport fisherman. After

a lengthy hearing process the Legislature finally approved a grant to Blue

Ribbons of $125,000 with funds to become available on July 1, 1981.

GRANT STUDIES

Work Program

Upon receipt of the grant, the Madison River Thermal Advisory Committee

immediately began work on a detailed work program. The stated objectives of

the program were "To evaluate the feasibility, cost and environmental impacts

of implementation of the alternative solutions to the thermal pollution problems

of the lower Madison River."

The alternatives to be studied included the four which offered the greatest

temperature reductions in the previous computer modeling work. They were

the following: Alternative A - Raise the level of the reservoir 40 feet
;
Alter -

native B - Reduce the active reservoir surface area by 80% by diking
;

Alter -

native C - Channel the river around the reservoir ; and Alternative E - -

Remove the dam. In addition, during the legislative hearings several legis-

lators requested that the alternative of deepening the reservoir by dredging

or excavation be explored further due to their personal experience with other

reservoirs where precious metals had made this type of methodology cost

effective. The committee included this alternative as Alternative D . The

committee also discussed the fact that during the computer modeling work the
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alternative of lowering the reservoir level gave incomplete results. As there

were strong feelings that this alternative should be more thoroughly analyzed

due to its ease and low cost of implementation, it was included as Alternative

F.

The committee discussed the various options for performing the work. it was

their concensus that consultants should be retained for the engineering,

economic and environmental work and that the Executive Director of the Blue

Ribbons program should handle the administration of the grant program. In

addition, legal counsel should be retained and some funds should be budgeted

for a finance element to seek funds for implementation of the preferred alter-

native. The committee would serve as advisor to the study but the final

authority would be a three member executive committee made up of members of

the Blue Ribbons Administrative Board.

It was decided to divide the work into five phases. From the previous work

some very rough estimates had been made of the construction cost associated

with the alternatives. Based on these estimates, serious questions had been

raised in regards to the feasibility of several of the alternatives. Therefore,

the first phase of the work program would refine the >~ough construction cost

estimates and preliminarily estimate the benefits of each alternative. The

second phase would review this preliminary information and perhaps delete

specific alternatives from further consideration. The third phase would be

detailed studies of the remaining alternatives. The fourth phase would review

the detailed information and the fifth phase would be a finalization of the

studies and preparation of associated reports.

11





The initial program budget would be as follows:

Engineering $ 35,000

Economic 30,000

Environmental 20,000

Legal 5,000

Finance 5,000

Administration 30,000

$125,000

The time frame for the grant was

flow chart for the performance of

as Figure 2.

from July 1, 1981, to June 30, 1983

the various elements of the work is

The

shown

r\r>ci i I f o n t r
\ V_> i I 1^4 ! t,U I I

A Request for Proposals was developed by the committee and

27 consultants and agencies in November 1981. The listing of

agencies was developed from the “Yellow Pages" in Bozeman

through personal knowledge of members of the committee. A

proposals were received to do all or portions of the engineeri

environmental work.

mailed to seme

consultants and

and Helena and

total of eleven

ng, economic or
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FIGURE 2

MADISON RIVER THERMAL PROGRAM

FLOW CHART

WORK ELEMENT

YEARLY QUARTERS

3/81 4/81 1/82 2/82 3/82 4/82 1/83 2/83

Engineering
1st Phase
Review
3rd Phase
Review
5th Phase

Economic
1st Phase
Review
3rd Phase
Review
5th Phase

Environmental
1st Phase
Review
3rd Phase
Review
5th Phase

Legal

Finance

Administration
Liason
$ Management
Work Programs
Contracting
Coordination
Reporting
Public Information

XT X T X

X X

XI Xr X X

X X X X X
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After a thorough review of the proposals, the committee voted unanimously to

recommend to the executive committee that the firm of Morrison-Maierle, Inc.,

of Bozeman and Helena, be retained to do the engineering work. The com-

mittee decided to interview two firms for the economic work after which

T.A.P., Inc., of Bozeman was recommended to be retained. A number of

meetings were held by the committee to review the proposals for the environ-

mental work and supplemental information was requested on their limnological

capabilities . Ultimately, the committee decided to recommend that no environ-

mental contract be awarded under the Request for Proposals. The executive

committee considered the recommendations and voted to hire Morrison-Maierle

and T.A.P. and to reject all proposals for the environmental work. The

executive committee also decided to retain John P. Scully of the firm of Scully

and Lilly, Attorneys at Law, of Bozeman, as legal counsel.

T~ Az-K/i cnrv / f"' r\ r»nm it+oo w / <r ci iKcom lonflv/ o n n or h K\/. CQ\/oro I f i c h inr'tH
i i i ^ / v v-j v i w i y ’w w i i 1 1 i i i u c. v_- u u j u u u i u y ^ i u u wi i v^4 kj y . > v « • > < i i i •—* i * i

wildlife faculty members from the Department of Biology at Montana State

University (MSU) who had developed a program on behalf of the Bioiogy

Department to do the environmental work. They stressed the faculty's com-

mitment to public service in areas of their expertise and their intrigue with

the Madison River thermal problem. The committee met with the faculty

members several times and finally concluded that the desired expertise existed

among the faculty and that a cost effective study was being proposed. The

executive committee concurred and MSU was retained to do the environmental

work

.

All contracts with the consultants were executed by April 30, 1982, and work

was initiated on Phase 1 of the work program.

14





Phase 1 Investigations

The basic purpose of the Phase 1 investigations was to do sufficient prelimin-

ary work to enable a determination of the basic feasibility of the alternatives

and perhaps eliminate some from the further detailed studies to be accom-

plished under Phase 3. The principal work done under Phase 1 consisted of

the following:

1

.

Col lection of bottom samp!!es from Ennis Lake to determine the

amount of sediment, the eng ineeriing properties of the bottom

materials

,

the suitability of the bottom materia! s for use as

agricultural lands, and the amount of economic minerals contained in

the sediments. This work was to be done by Morrison-Maierle.

2. Collection and analysis of independent samples by the Earth

Sciences Department of MSU for economic mineral content

-

3. Development of preliminary construction costs for each alternative

by Morrison-Maierle.

4. Development of preliminary economic impacts for each alternative by

T. A. P.

Sixteen bottom samples were taken from Ennis Lake by Morrison-Maierle . The

amount of sediment deposition was considerably less than had been anticipated

by the Advisory Committee. Delta-type deposits occupy the upper twenty-

five percent of the lake and vary in thickness from ten to fifteen feet. The

downstream toe is generally from one to six feet in thickness. The total

depth of sediments was not penetrated in most of these locations and had to

be estimated. Sediment depth in the center of the lake was found to be less

15





than one foot and consisted of a fine-grained silt. Other than the coarser

materials found at the stream mouths, the sediments were found to be not

particularly well suited for construction of dikes and other engineered con-

struction. However, they were found to be well suited for agricultural uses

if adequately drained. These samples were not subjected to mineral analysis

due to the findings of the MSU mineral analysis which are discussed later.

A report entitled Ennis Lake Bottom Samples - Sampling and Analysis for

Select Engineering Properties and Agricultural Reclamation by Morrison-Maierle,

Inc., dated July 1982 is contained in Part II.

The Earth Sciences Department at MSU collected some 19 samples for mineral

analysis from the bottom of Meadow Creek and from the lake bottom exposed

at the mouth of the creek. There are several active gold mining operations

in the Meadow Creek drainaae and it was felt that this was the most ODtimal

location to find significant amounts of gold in the sediments. The heavy

metals concentrates from these samples were sent to the Montana Bureau of

Mines and Geology in Butte for analysis. One half of the samples were found

to have no gold content. The best sample had a content of .37-. 40 ounces

per ton. It was concluded by MSU that the gold content of the sediments in

the most optimal location was relatively low and that the content would have

to be of the order of 2-3 ounces per ton in order to be considered economically

viable

.

The preliminary construction costs developed by Morrison-Maierle and the

preliminary economic impacts developed by T.A.P. are shown in the following

table

.
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MADISON THERMAL STUDY

Summary of Engineering and Economic Phase 1 Evaluation for

Alternatives A through F.

Alternative A - Higher Dam and Larger Reservoir

Alternative B - Channelization Dikes Through Reservoir

Alternative C - Channelization Dike Around Edge of Reservoir

Alternative D - Deepen Existing Reservoir

Alternative E - Eliminate Dam and Reservoir

Alternative F - Reduce Level and Size of Reservoir

Alternative Construction Cost Annual Economic Effect

A
B
C
D
E

F

$ 28,830,500
11,429,600
8,023,200

283,370,340
198,900

16,728,000*

+ $ 6,822,107
+ 1,778,859
+ 2,554,734
+ 2,924,238

2,113,294
1,923,184

^includes approximately $16,300,000 for replacement of the existing
wood stave pipeline which may or may not be necessary

Phase 2 Review

Phase 2 was initiated by the Advisory Committee in July 1982. Although the

results of the bottom sampling of Ennis Lake created a real surprise in terms

of the amount of sediments, the committee fell that the study was well done

and provided the answers that were sought. The gold analysis work done by

MSU demonstrated that the amount of gold in the sediments was not of conse-

quence in evaluating Alternative D, the deepening of Ennis Lake. The com-

mittee was also satisfied with the construction cost estimates prepared by

Morrison-Maierle.

17





A major topic of discussion by the committee was the preliminary economic

impacts developed by T.A.P. Specifically, the direct and indirect valuation

of a day's fishing were debated. T. A. P.'s analysis utilized a figure of $72.87

as the direct value of a day's fishing and a figure of $144.21 as the indirect

value of a day's fishing for non-residents. The latter figure represents the

total economic benefit to those who provide services to the fisherman and the

spin-off to related businesses. Some of the committee members felt these

values were realistic and others felt that they were much too high. Figures

used by various federal agencies were cited and they ranged as lew as $7.00

per day for some agencies. The committee finally concluded that the values

should be further researched in Phase 3 and that with appropriate discounts

they would be satisfactory for the Phase 2 review.

After numerous discussions and meetings the Advisory Committee made the

following recommendations

i

Alternative A - Raise the level of the reservoir 40 feet. The committee

recommended that this alternative be eliminated from further consideration for

two reasons. First, Montana Power Company expressed their feelings that

there were other more cost effective ways for them to increase their power

generation capabilities and they would not be interested in participating in

such a project. Second, the MSU Biology Department presented their views

on the limnology of the "new lake." They expressed doubts that the new

lake would stratisfy; that it would probably provide a disappointing fishery

due to the high nutrient levels in the Madison River which would stimulate

plant growth in the lake and would ultimately result in oxygen depleted water

in the lower levels of the lake; that the colder oxygen depleted water would

18





cause problems in the lower river when released; and that the overenriched

lake would be highly conducive to the production of blue-green algae.

Alternative B - Reduce the active reservoir surface area by 80% by diking.

The committee recommended that this alternative be deleted as it accomplished

the same result as Alternative C but had a higher construction cost and the

annual economic impacts were less.

Alternative C - Channel the river around the reservoir. The committee

recommended that this alternative be retained for further detailed study.

Alternative D - Deepen the reservoir by dredging or excavation. The com-

mittee recommended that this alternative be deleted due to the enormous

quantities of materials which would have to be removed, its tremendous cost,

snH fhp rlotorminatinn that the onlH rnntont nf thp> hnttnm matprialc wac; nnt

sufficient to offset the construction cost.

Alternative E - Remove the dam. The committee recommended that this alter-

native be deleted because its preliminary annual economic impact was negative,

that the Federal Energy Regulatory Commission would oppose the abandonment

of the facility, and Montana Power would not support the removal of the

facility.

Alternative F - Lower the reservoir level. The committee recommended that

this alternative be deleted because its preliminary annual economic impact was

negative and Montana Power would not support this action.

19





The essence of the committee's recommendation was that only Alternative C,

channel the river around the reservoir, be considered in the Phase 3 detailed

investigations. The Executive Committee considered the committee recom-

mendation in August 1982. It was their feeling that in order to be responsive

to considerations expressed by the Legislature at such time as the grant was

approved that alternatives which involve alteration of the operation of the

power generation facilities must be evaluated. Therefore, the Executive

Committee directed that Alternative C - Dike around the east shore of the

lake, Alternative E - Removal of the dam, and Alternative F - Lowering of

the lake level, would be the alternatives considered in Phase 3.

Phase 3 Detailed Studies

Detailed work programs were developed for each of the consultants and the

Dhaco ^ cti i/HIqc K o n m in Q o 1~om K o r» 1 QRP Mnnth I \/ nrnnrocc mcofinnc
. ..WWW WX.WW..WW ... W W fW V.W. . . *W W . I..W..W...JT ,W W . WWW . . . w w . . w, w ..w. w

held by the Advisory Committee in order to stay current with the studies.

Phase 3 reports were completed by January 1983.

Engineering -

Morrison-Maierle did a very thorough job in developing preliminary engineer-

ing designs for the three alternatives. Their report considered all factors

involved in the construction and operation of the facilities, presented prelim-

inary engineering drawings, developed detailed construction cost estimates,

and estimated operation and maintenance costs where applicable. The costs

are summarized in the following:
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Alternative Construction Cost O & M

C - Channel $ 9,292,400 $30,000/yr.

E - Remove Dam $ 1,122,800 N/A

F - Lower Lake $ 998,300 N/A

Economic -

The economic analysis conducted by T.A.P., Inc., and their associate AMEC,

Inc., also of Bozeman, thoroughly evaluated all considerations involved in the

implementation of the three alternatives. Items that were considered were

recreation impacts, impacts on lakefront properties, impacts on electric power

generation, indirect economic impacts, construction costs, and operation and

maintenance costs. A more thorough analysis by the economic consultants

resuited in new values for the direct and indirect valuation of a day's fishing.

These values were $7.42 and $212.17 respectively. The following Table

summarizes the annualized economic effects. Construction costs were amortized

at 7 7/8 percent interest over 100 years.

Added Added Benefit Cost

Alternative Costs Benefits Ratio

C - Channel $ 1,015,704 $ 1,022,306 1 .01

E - Remove Dam $ 2,250,185 $ 1,584,088 0.70

F - Lower Lake $ 656 , 470 $ 855,165 1.30

It should be pointed out that the i ncreased values for fishing in the lower

river were based on the assumption that the fishability of the lower river

would be improved to that existing in the upper river.
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might result in a lowering of the mean temperature at the powerhouse of

around 1°F. The channeling of the river around the lake, Alternative C,

would drop the mean temperatures at the powerhouse something less than 4°F,

which would erode to around a 3°F drop at Norris Bridge and maybe 1°F at

Three Forks. The report also discussed the impact the alternatives would

have on maximum and minimum temperatures . It concluded that there would

be some minor effects which would vary with position downstream, but that in

general they would be beneficial.

Another of the requirements of th

evaluate the anticipated biological

trout fishery in the lower Madison

MSU directed their efforts entirely

to the results of their modeling

e MSU environmental work program was to

consequences of the alternatives on the

River and on the limnology of Ennis Lake,

on the bypass channel, Alternative C, due

which showed that lowering of the lake,

A I fn i v /n C 1

1

/ i « I y—4 nnf k-\ v / r\ r inn ifirnr>+ nffante nn /H r*\ \ a / + m To ro n o K' 3 f i iK'oe:
r~\ i cui i iuu v v i

f
uu i u i ; w c i iu v u j i cj i i i i i uu i it v- i i w Lu wii w v v « i e i uum i i » w i w v. ^ i «

—

and the realization that removal of the dam, Alternative E, in theory would

have the same downstream effects as the bypass channel

MSU concluded that the primary benefits on the trout fishery in the lower

river would be improved catchability
,

an increased margin of safety from

thermal fish kills, and that these improvements would be most noticeable in

the 10-15 miles immediately downstream of the powerhouse. They felt that the

temperature benefits were too small to have much effect on growth rates and

on numbers of larger trout. A number of other considerations which also

contribute to growth rates were discussed. Present biomass of trout in the

lower river is so high that it is unlikely to expect an increase with reduced

temperatures

.
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With regard to the limnology of Ennis Lake, MSU concluded that the bypass

channel would probably not have a significant effect on either the aquatic

plant life or the fishery in the lake. Although the bypass would increase the

flow-through time of water in the lake, the nutrient inflow would likewise be

reduced. Analysis of the water quality data and a review of the analysis of

the bottom samples shows that the bottom sediments are very rich in nutrients

irregardless of nutrient inflow. Management of the bypassed lake with adjust-

able gates could provide nutrient flushing at certain times of the year which

could improve the present situation.

Phase 4 Reviews

The major item of review in Phase 4 was the MSU thermal modeling report.

The results of this work differed dramatically from the earlier BuRec work

and suaaested that Ennis Lake was causing only a minor amount of warming

of the lower river, and that this warming was only affecting a 10-15 miie

reach immediately below the powerhouse. Alternative F, lower the reservoir

level, was predicted to make insignificant temperature changes in the lower

river. Alternatives C, bypass channel, and E, remove the dam, were deemed

to have similar results which would amount to an approximate 4°F reduction in

daily mean temperature at the powerhouse and an approximate 3°F reduction

in daily mean temperature at Norris Bridge.

During the first three months of 1983 numerous discussions and

place between all involved parties, namely, Blue Ribbons,

FW&P, and the full Advisory Committee on several occasions.

agreement were found but numerous areas of disagreement still

meetings took

MSU, BuRec,

Some areas of

existed. MSU
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The economic consultants also conducted a survey of key informants in the

Ennis area to assess attitudes toward the current use and the proposed

alternatives. While the survey is o-f use in assessing attitudes it would be

improper to extrapolate the results over the entire population as interviewees

were not randomly selected. The survey indicated a rather high level of use

of Ennis Lake by local residents. Of the alternatives presented the east

shore channel was the most acceptable.

Environmental

One of the requirements of the environmental work program was to overview

the previous BuRec computer modeling work with the idea of refining certain

of the predictions. MSU reviewed all of the data base and analyzed relation-

ships between various parameters such as streamflows at various locations,

streamflows versus water temperatures, air and water temperatures
,
and long

term trends. They confined their analysis to 1977 as the greatest data base

existed for this year and looked specifically at the warmest period of the

year, July 15 to August 15. Some field work was done to obtain transit times

through the Bear Trap Canyon below the dam. A computer modeling strategy

was developed and rate coefficients for heat transfer were computed for both

the river and the lake. An equilibrium temperature was likewise determined

for the river.

The MSU thermal modeling work seriously questioned the earlier BuRec model-

ing of both the calculated values for the equilibrium termperature and the

predicted temperatures to be realized in the lower river by the various alter-

natives. Their report concluded that lowering of the lake level, Alternative F,

22





qualified their results to apply solely to the year 1977, which they maintained

was the only year for which sufficient data existed. Unfortunately, 1977 was

a somewhat unusual year from the standpoint of flow and temperature.

Attempts were made by MSU and FW&P to extrapolate iVISU's 1977 results to a

"normal" year. MSU eventually concluded that such an extrapolation could

not be done and little agreement was reached with regard to the FW&P pro-

jections. Through this review process the BuRec continued to support their

earlier modeling results and to some extent the FW&P projections of MSU's

1977 results to a "normal" year. The USGS member of the Advisory Com-

mittee sent all pertinent reports to his agency's temperature expert who

responded by both supporting and finding fault with both modeling efforts

and suggesting that the BuRec and MSU get together in a new modeling

effort.

MSU maintained that little additional

collection of additional data to fill in

their work in light of the extensive

their final Phase 5 report.

The Advisory Committee also reviewed the balance of the MSU environmental

work, the Morrison-Maierle engineering studies, and the T.A.P.- AMEC

economic analysis. A number of the committee members could not support the

new value for a fishing day used in the economic study of $7.42 and ex-

pressed their thoughts that it was much too low. The economic consultant

explained that their research had identified a range of values and that they

were the most comfortable with the $7.42 value in that it evolved from an EPA

model for this region. They conceded that fishing the Madison River might

modeling work could be done without the

certain voids. They agreed to reanalyze

review that had occurred and io prepare
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be more highly valued by some fisherman and agreed to present an alternate

set of computations based on a somewhat higher value. The engineering and

economic work was predicated on the results of the BuRec modeling and the

conclusions were in some ways not pertinent to the MSU modeling results.

However, the decision was made to finalize these reports based on the BuRec

work as the modeling issue was still unresolved, the time remaining in the

grant was limited, and the grant funds were substantially expended for these

areas of work. Review comments were provided to all three consultants for

incorporation in their Phase 5 final reports.

Phase 5 Final Reports

The final reports were

Copies of each of these

beiow

:

received from all the consultants by June 1983.

reports are contained in Part II and are identified

Engineering

Economic

Environmental

Preliminary Engineering Design Report
Madison River Thermal Program
By Morrison-Maierle, Inc.

June 1983

An Economic Evaluation of Proposed Solutions
to the Thermal Pollution Problem on the Lower
Madison River
by TAP, Inc. and AMEC, Inc.

June 1983

Thermal Modeling for the Madison River -

Ennis Reservoir System; Effects of Modification

on Downstream Temperatures
By Daniel Goodman, Montana State University
March 1983

Potential Biological Effects of Proposed Modifications

to Ennis Reservoir and Ennis Dam
By Dept, of Biology, Montana State University
April 1983
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Engineering -

Morrison-Maierle's

report with only

alternatives were

final report was substantially the same as

minor changes noted. The cost estimates

unchanged and are summarized in the followin

their Phase 3

for the three

g-

Alternative Construction Cost O & M

C - Channel $ 9, 292,400 $30,000/yr

.

E - Remove Dam 1,122,800 N/A

F - Lower Lake 998,300 N/A

Economic -

The economic final report prepared by T.A.P., Inc., and AMEC, Inc., re-

flected a number of changes in accordance with the input received from the

Advisory Committee during the Phase 4 reviews. It included an alternate set

of calculations based on a $19. OC value for a day's fishing. However, the

consultants indicated their preference of using the original value of $7.42.

The report presented the results of the economic analysis by computing the

net present value for the present "baseline" situation and for each of the

alternatives for an assumed project life of fifty years. This information is

summarized in Figure 3. The best alternative is F, lower the lake, followed

closely by C, bypass channel, with Alternative E, remove dam, being the

least favorable,

The economic consultants pointed out that a host of assumptions were

in their analysis and that there are some important limitations in

Some of these limitations are as follows:

employed

its use.
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1. The uncertainty surrounding the anticipated improvement in fishing

in the lower river. This is extremely important as demonstrated in

Figure 3. Under the assumptions used
,

the recreation values went

from a fig ure slightly less than the value of electricity in the

baseline to double the value of the eiectricity for the two best

alternatives

.

2 . The change in land use.

the lake were valued as

be used for other higher

Lands created by

agriculture whereas

value uses.

owering or eliminating

they might very well

3. The valuation of the hydroelectric generating facility. The analysis

considered the cost of replacing the power generated by the Ennis

Lake facility but did not consider the additional operation, mainten-

^nro
,

replacement and possible renovation costs required of the

Ennis Lake facility and supply and demand conditions over the next

fifty years
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Environmental

The final report by MSU on the thermal modeling was a refinement of the

Phase 3 report and involved some further analysis to attempt to answer some

of the questions raised during the lengthy Phase 4 review of this work. The

major summary points of the study are as follows:

1. An analysis of the 11 years of temperature records suggests that

83°F would be the daily maximum water temperature as the 100 year

event.

2. There is no evidence of progressive worsening of the thermal regime

in the reservoir-river system.

3. The major role of the reservoir in the thermal dynamics of the river

is the delay it imposes on the water and the warming of the water

to the approximate equilibrium temperature of the lower river.

4. If the reservoir were bypassed or drained the model for the 1977

year suggests that the result would be a reduction of daily mean

temperatures of approximately 4°F at the dam site, decaying to less

than 2°F at Norris Bridge and 1°F at Three Forks.

5. The reservoir surpresses the daily temperature cycle and if it were

bypassed or drained a normal daily cycle would be established.

The model suggests that the dominant thermal effect would be a

reduction of the daily minimum temperature in a stretch immediately
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downstream of the reservoir and a reduction in the daily maximum

temperature in a stretch centered around half a day's flow downstream

of the reservoir.

6. The data used in the modeling was not entirely satisfactory and a

summer of systematic temperature measurement at key locations is

recommended before further elaboration of predictions.

7. The value of the rate coefficient was the least secure element of the

modeling and further efforts would be best directed at additional

study to support estimation of this parameter.

The MSU final report on the fishery in the lower river and on the limnology

of Ennis Lake was essentially the same as the Phase 3 report. For continuity

its results are summarized as follows!

1. The bypassing cr draining of the reservoir are the only alternatives

which wouid have any significant effect on the downstream water-

temperatures .

2. The primary benefits on the trout fishery in the lower river would

be -

a) improved catchability

b) increased margin of safety from thermal fish kills

c) improvements would be most noticeable in the 10-15 miles

immediately downstream of the reservoir.

31





3. Present biomass of trout in the lower river is so high that it is

unlikely to expect an increase with reduced temperatures

.

4. The bypass channel would probably not have a significant effect on

either the aquatic plant life or the fishery in the reservoir.

5. Management of the bypassed lake with adjustable gates could pro-

vide nutrient flushing at certain times of the year which could

improve the present situation.

BUREAU OF RECLAMATION ADDITIONAL MODELING WORK

A significant difference of opinion continued to exist between the two model-

ing groups, MSU and BuRec, as regards the temperature levels which could

be achieved in the lower river through implementation of the various a! te rn a -

tives. The entire results of the Thermal Study were really dependent on

resolution of this question. The Advisory Committee therefore determined

that a third opinion would have to be obtained from another' qualified expert.

Dr. Robert George of the BuRec headquarters office in Denver, Colorado,

had become involved to some extent in the Phase 4 reviews of the modeling.

Dr. George was considered to be the BuRec temperature modeling expert and

had access to the BuRec newest temperature modeling programs. Because of

his knowledge of the previous modeling studies and the data available, he was

felt by the committee to be the logical person to provide an additional opinion.

Some $5,000 in grant funds were rebudgeted to contract with BuRec for Dr.

George's assistance.
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The final results of Dr. George's work was transmitted to the Advisory Com-

mittee on June 10, 1983, in a report entitled Applications of Qual II to Lower

Madison River. This report is contained in Part One of Dr. George's

major findings was a significant error in the meteorological data furnished to

BuRec and utilized in their original modeling effort. In his opinion this was

a major factor in the differences in the results of the BuRec and MSU models.

His specific conclusions were:

1. The temperature increases about 1°F between Ennis Bridge and

Ennis Lake.

2. The lake causes an increase of 3°F from the head of the lake to the

powerhouse

.

3. Routing the water through the lake in channels similar to the chan-

nel above the lake would reduce the 3°F rise by about 1°F.

In essence, Dr. George concluded that bypassing or draining the lake would

result in a 1°F reduction in daily mean temperatures at the powerhouse which

is less than the 4°F reduction determined by MSU. He pointed out the limita-

tions in the data used in the modeling studies, how this resulted in a con-

straint to the modeling efforts, and set forth data requirements in order to

correctly model the river.

GRANT EXTENSION

A problem which had constrained a

the water temperature data had not

I of the modeling work was

been collected with modeling

the fact that

as an object-

ive. Several monitoring stations were not located in the most optimal location





and there were no stations from Varney Bridge to Ennis Lake, a distance of

approximately 14 miles. In 1977 the Fraley Study collected temperature data

at Ennis Bridge, about five miles above Ennis Lake, which was the reason

that MSU chose to model this particular year. All parties agreed that it

would be very helpful to fill in the data gaps and reanalyze the models.

Discussions took place with the Department of Natural Resources and Conser-

vation (DNRC) on the possibilities of extension of the grant to allow data

collection for the July 15 - August 15 period during the summer of 1983.

FW&P had agreed to perform the additional monitoring work. As this work

would not involve any increase in grant funding and as it would heip to

resolve remaining questions about the adequacy of the modeling, DNRC agreed

to extend the grant period from June 30, 1983, to December 31, 1983. The

grant extension was accomplished by means of a grant amendment dated May

** r\ /->

ZD, 1300.

SUMMER 1983 DATA

FW&P installed thermographs in the upper Madison River at McAtee Bridge,- 25

miles above Ennis Lake, Varney Bridge, 14 miles above ihe lake, Ennis Bridge,

5 miles ahove the lake, and at a station identified as channels which was

located % mile above the lake. Below Ennis Lake a USGS thermograph was

located at the powerhouse and a FW&P thermograph was located at Norris

Bridge, 11 miles below the powerhouse. Daily flow data and daily meteoro-

logical data were also gathered.
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All of this data for the period July 15 - August 15, 1983, was transmitted to

MSU and to both the Billings Regional Office and the Denver Headquarters

Office of the BuRec by mid -September

.

FINAL MODELING ANALYSIS

A meeting was held in early October, 1983, which included the modelers, MSU

and BuRec, and BR, FW&P and DNRC. Purpose of the meeting was to discuss

the new data and review its implications on the individual modeling efforts.

This was an extremely productive meeting and resulted in a concensus on the

modeling results. MSU comments were contained in a letter dated November

12, 1983, and BuRec comments in a letter dated December 1, 1983. Both of

these letters are contained in Part II.

The MSU comments are summarized in the following:

1. The summer of 1983 was again an atypical year. Ennis Lake did

not reach its seasonal maximum temperature during the monitoring

period. Due to the extraordinary warm weather the water leaving

the lake was below the equilibrium temperature of the lower river.

The thermal behavior in the Bear Trap Canyon was unusual. The

data at the powerhouse and at Norris Bridge was not sufficient to

calculate a sensible equilibrium temperature.

2. The transit time data for the upper river and the lower river below

the Bear Trap Canyon were acknowledged as being faster than that

used by MSU in their analysis. However, transit times in the Bear
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Trap were consistent with MSU.

upper river from the 1983 data

by MSU in their analysis.

The warming rate implied for the

was consistent with the rate used

3 . The therma

than other

ditions the

es

.

I behavior

stretches

Bear T rap

of the Bear Trap Canyon was quite different

of the river during 1983. Under some con-

would not cool off at night like other stretch-

4. The new data confirmed similar results to MSU's

A bypass channel with thermal dynamics similar

would result in a 4°F drop in mean temperatures

a 2°F drop at Norris Bridge, and less than a

Forks. Dr. George's (BuRec) results predicted

nf 2 Km i
f nno - h n I "F n\ f thoco \ / cn I i toe

previous analysis,

to the upper river

at the powerhouse,

1°F drop at Three

cemperature drops

5. If the Bear Trap Canyon does have worse therma! dynamics at

certain times, then there may be some benefits of increasing flow

rates to move water through the Bear Trap as rapidly as possible.

This may make several degrees difference during the worst warm

periods

.

6 . It would be worthwhile

Bear Trap to confirm

advantageous to speed

est periods.

to gather additional temperature

or refute the hypothesis that

water through that section durin

data on

it would

g the wa

the

be

rm-
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Comments from Dr. Robert George of the BuRec are summarized in the follow-

ing:

1. The temperature rise from Ennis Bridge to Ennis Lake is about 1°F.

2. Temperature increase in the lake varies from year to year and is a

function of the hydrological and meteorological conditions during the

year. A range of temperature rise is 3 to 5°F.

3. Channelizing the

temperature rise

maintaining the fl

flow around

by about 1

ow as a rive

the reservoir

to 1 . 5°F, at

r a 3°F decrea

will only reduce this

most. By completely

se might be achieved.

‘emperatures at the dam are about 2°F lower than the computed
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The natural diurnal variation of the stream is about ±4 to ±5°F.

This variation is dampened out by the lake and also would be

dampened out by the proposed dike to a value of about ±1°F at the

dam. The diurnal fluctuation would return to about ±4°F at Norris

Bridge.

Dr. George

would be to

measure the

and would al

concludes with an observation that the most practical solution

operate the lake at reduced levels during the hot period and

resulting temperatures . This would answer most of the questions

so be the least costly alternative to manage the system.
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CONCLUSIONS AND RECOMMENDATIONS

The conclusions derived from the Madison River Thermal Study by the Director

of the Blue Ribbon APO are as follows:

1. The original BuRec modeling work developed temperature projections

for the lower Madison River for years 1973 and 1977 after various

alterations were assumed made to Ennis Lake and/or Dam. These

projections suggested that dramatic reductions in temperature levels

could be achieved, particularly in 1973. The current study found

these conclusions to be erroneous, primarily due to a significant

error in the meteorological data furnished to BuRec. This is signifi-

cant as the original BuRec modeling work was the basis for the

Renewable Resources Development Fund grant and for the work

2. The modeling work performed under this study suggested that the

draining of Ennis Lake or the bypassing of the lake with a channei,

which would maintain the thermal dynamics of the upper river,

would result in the lowering of daily mean temperatures in the lower

river as follows:

Ennis Dam Powerhouse 2 to 4°F

Norris Bridge 1 to 2°

F

Three Forks less than 1°F
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The draining or bypassing of Ennis Lake would also establish a

normal daily temperature cycle in the 10-15 miles of river immediate-

ly below the lake. This would effect a reduction of the daily

minimum temperatures in a stretch immediately downstream of the

dam and a reduction in daily maximum temperatures in a stretch

centered around half a day's flow downstream. The reduction in

the daily maximum, at the point where the effect would be strong-

est, would, on the basis of the available data, be more than 4°F,

decaying essentially to zero both upstream toward the dam, and

downstream toward Three Forks. The reduction in the daily mini-

mum, at the dam, where the effect would be strongest, would, on

the basis of the available data, be by more than 7°F, but would

decay rapidly with distance from the dam site.

3. The principal effects on the trout fishery of the lower Madison

River by draining or bypassing Ennis Lake would be to improve

catchability and to provide an increased margin of safety from

thermal fish kills. These improvements would primarily occur in the

10-15 miles immediately downstream of Ennis Lake.

4. Bypassing Ennis Lake would probably not have a significant effect

on either the aquatic plant life or the fishery in the lake and

management of the bypassed lake with adjustable gates could pro-

vide nutrient flushing at certain critical times of the year.
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5. The estimated construction costs of the alternatives which result in

temperature improvement in the lower river are as follows:

Bypass channel $9,292,400

Drain the lake $1,122,800

6. The economic analysis calculated the net present value of the present

baseline and the bypass and drain the lake alternatives as follows:

Baseline Bypass Channel Drain the Lake

Recreation $71,500,000 $144,300,000 $137,700,000

Real Estate -0- -0- 17,400,000

Electricity 81,600,000 76,700,000 3,100,000

Subtotal 153,100,000 221,000,000 158,200,000

Construction Costs -0- (->11,200,000 (->1,300,000

T otal $153,100,000 $209,800,000 $156,900,000

These net present values were based on the assumption that the

lower river would be improved to where fishing would be comparable

to the upper river and that non-resident fishermen would increase

so as to be equal in number to resident fishermen. The modeling

results have shown that only 10-15 miles (30-40%) of the lower river

would be improved and that such improvement would probably be to

some lesser level of catchability than the upper river.

Therefore, an attempt has been made to recalculate the recreation

benefits based on a lesser increase in fishing in the lower river.
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This calculation has been made for the bypass channel only, as any

real loss in recreation value for the drain the lake alternative

results in a lesser net present value than the current or baseline

situation. This analysis takes the present users of the lower river,

22,320 residents and 5,431 non-residents per year (80:20), and

assumes that the resident fishermen remain the same and the non-

residents double to a value of 11,000. The ratio of residents to

non-residents then becomes 70:30. The results of this analysis are

shown in the followi ng:

Baseline Bypass Channel

Recreation $ 71,500,000 $ 88,700,000

Real Estate -0- -0-

Electricity 81 ,600,000 76,700,000

S u btota

1

153,100,000 165,400,000

Construction Costs -0- (-)ll ,200,000

Total $153,100,000 $154,200,000

For all intensive purposes, the net present values are the same.

The increase in recreation value is offset by the loss of electrical

power and the construction costs.

Based on the assumptions and limitations of this economic analysis,

it would appear that the net present value of the most favorable

alternative would not result in a significant change in the economic

value of Ennis Lake and the lower Madison River.
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Recommendations by the Director of Blue Ribbons APO for future actions are

as follows:1.

Although the Thermal Study has shown that Ennis Lake does cause

some increase in temperatures in the lower river and does have an

effect on the catchability of the fish, the MSU temperature modeling

suggests that the maximum 100-year temperature event wiil be just

below a lethal level. The economic analysis does not suggest a

significant increase in economic values with implementation of tem-

perature reduction alternatives . The results of these studies do

not warrant a recommendation that a temperature reduction alterna-

tive be implemented at the present time.

2. The dam and powerhouse at Ennis Lake are over 75 years old and

at some time in the future significant maintenance, replacement or

renovation costs can be presumed. At that time the economic

analysis should be reviewed taking these costs into consideration

.

3. MSU suggested that additional temperature monitoring and modeling

should be done in the Bear Trap Canyon and that increasing the

flows during the warmest season through the Bear Trap may pro-

vide some improvement in the lower river. This work should be

accomplished

.

4. Dr. Robert

Ennis Lake

temperature

George of the BuRec

level for a week or

monitoring below the

suggested a trial lowering of the

so during the warmest season and

lake to see what the actual results
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would be. If the public relations aspects of this action could be

dealt with, this would be a worthwhile experiment.
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